In vitro and nonhuman in vivo studies demonstrating impaired fibrinolysis of thrombus by thrombolytic agents in the presence of iodinated contrast media (ICM) have prompted concern regarding the clinical use of ICM. A systematic review and meta-analysis were performed to investigate the proportion of patients with acute stroke experiencing recanalization after thrombolytic therapy in whom ICM were administered compared with those in whom they were not.
I
n vitro studies have demonstrated that fibrinolysis by agents including recombinant tissue plasminogen activator (rt-PA) may be impaired by both ionic and nonionic iodinated contrast media (ICM). 1, 2 Longer reperfusion delays have also been demonstrated in vivo in a canine coronary artery thrombosis model. 3 This effect may be, in part, due to fibrin-altering properties of ICM, which have been shown to change fiber size, making clots more resistant to fibrinolysis. 4 Despite this, clinical outcomes appear to be favorable in ICM-exposed patients with acute coronary syndrome, 5 and rates of cerebral artery recanalization following intra-arterial thrombolysis and its associated contrast load compare favorably with those following intravenous thrombolysis. 6 Increasing use of multimodal CT imaging in acute stroke that includes contrast administration for angiography or perfusion studies has raised concerns regarding the potential negative effect of ICM on recanalization. 7 We undertook a systematic review of randomized controlled trials and observational studies to investigate the effects of ICM on the proportion of subjects demonstrating recanalization of an occluded artery after acute ischemic stroke treated with thrombolytic drugs.
Materials and Methods

Literature Search
The Ovid on-line portal was used to search Medline and Embase from inception to week 40, 2006 . Searches relevant to "stroke" and "fibrinolysis" were combined (on-line Appendix). Relevant search filters (the Scottish Intercollegiate Guidelines Network) for randomized controlled trials (RCT) and observational studies were applied. 8 The search was performed by 1 author (K.A.D.).
Inclusion Criteria
Human studies published in English were considered. Male and female patients of all ages with anterior circulation stroke were included. In an attempt to extract a homogeneous population of subjects treated with intravenous thrombolysis, subjects with posterior circulation strokes were not considered. Data pertaining to patients with coronary artery occlusion or intra-arterial thrombolysis were excluded. One investigator (K.A.D., Clinical Research Fellow) screened the results and selected studies that reported the absolute number of patients with documented occlusion who recanalized after the administration of intravenous thrombolytic therapy. Only studies that reported data pertaining to the primary culprit vessel were considered (ie, only 1 vessel occlusion per subject). In studies in which only part of the data were relevant to the current question, these data were extracted where possible (eg, data from the treatment arm in an RCT). Care was taken to avoid the use of duplicate data from the same patients in different articles. The end point was either partial or complete recanalization demonstrated on imaging.
Quality Assessment
There was no quality threshold for inclusion into the review. However, assessment of study quality by K.A.D. was made by using a validated checklist 9 assessing whether the following criteria were fulfilled: 1) the question is sufficiently described, 2) the design is evident and appropriate to answer the study question, 3) the method of subject selection is described and appropriate, 4) the subject characteristics are sufficiently described, 5) the randomization is described, 6) blinding of investigators is reported, 7) blinding of subjects is reported, 8) the outcome and exposure measures are well defined, 9) the sample size is appropriate, 10) analysis is described and appropriate, 11) the estimate of variance for the results is reported, 12) confounding is controlled for, 13) the results are reported in sufficient detail, and 14) the results support the conclusions.
Data Extraction
The absolute number and proportion of patients recanalizing was recorded for those patients in studies in which ICM were administered and those in which they were not. Two authors provided further raw data on request, and 1 author advised regarding time periods of patient recruitment (see "Acknowledgments").
Where studies used Thrombolyis in Myocardial Infarction or Thrombolysis in Brain Ischemia scales to assess vessel-occlusion status at follow-up, grades 0 and 1 on each scale were considered to represent failure of recanalization. No other distinction was made between partial and complete recanalization. When extracting data concerning the upper time limits of administration of thrombolytic therapy from studies in which they were not absolutely stated, the upper time limit was derived from the mean time plus 2 SDs (n ϭ 1 study).
Analysis
Pooled proportions of patients who recanalized were calculated with a random-effects model (DerSimonian-Laird, part of the meta-analysis function StatsDirect Software, Version 2.6.2; http://www.stats direct.com), and studies involving contrast were compared with those without. In addition to analysis of all data fulfilling the inclusion criteria, the following subgroups were also analyzed: 1) subjects with occlusion of the M1 or M2 segment of the middle cerebral artery (MCA) only, 2) cohort studies only, and 3) subjects in whom recanalization was determined at late time points defined as 24 hours or later. An I 2 test 10 (StatsDirect) was used to assess the heterogeneity of studies, with a value of Ͼ75% considered to indicate high heterogeneity. The software package StatMate 2 (Graphpad Software, http:// www.graphpad.com/StatMate/statmate.htm) was used to perform a 2 analysis to calculate the number of subjects needed to perform a clinical trial to answer the question of interest. A meta-regression analysis by using a random-effects model 11 and unrestricted maximum-likelihood estimates for between-trial variance were performed to determine the contribution of differences in the upper time limit of administration of thrombolytics in different studies to the observed heterogeneity (Comprehensive Meta-Analysis, Version 2; Biostat, http://www.biostat.org/).
Results
Medline and Embase yielded 1820 and 2081 studies, respectively. Screening of the title and abstract and, when necessary, the full text of these studies produced a final result of 18 studies (on-line Fig 1) . Six studies used contrast agents (CS, n ϭ 135 subjects) and 12 did not (NCS, n ϭ 622 subjects). There was no randomized controlled study that specifically addressed our question. Recanalization was determined by transcranial Doppler sonography, MR angiography, CT angiography, or digital subtraction angiography. The number of subjects analyzed from each study varied from 8 to 219 patients, with the number of relevant subjects fulfilling our inclusion criteria in each study ranging from 3 to 219. The mean upper time limit for administration of throm- bolytic therapy was 6.5 hours and 5.0 hours for CS and NCS studies, respectively. Study characteristics are described in Table 1 . Eight studies were judged to have achieved all quality checklist requirements, and in 6 studies, only 1 point was subtracted. However in 3 studies, 2 points were subtracted, and in 1 study, 3 points were subtracted ( Table 2. ).
Combined pooled proportions and 95% confidence intervals (CIs) for recanalization in unselected CS and NCS were 53% (36%-70%) and 61% (52%-71%), respectively (Fig 1) . When only studies assessing late recanalization (24 hours or later) were evaluated, the weighted pooled proportions with recanalization were similar in each group; the proportion recanalizing in NCS (n ϭ 8 studies) and CS (n ϭ 4 studies) was 67% (95% CI, 51%-82%; I 2 84.5%) and 66% (95% CI, 54%-77%; I 2 , 0%), respectively. Again, weighted proportions were similar between groups when considering only those subjects with isolated MCA (M1 or M2) occlusions; proportions in NCS (n ϭ 9 studies) and CS (n ϭ 3 studies) were 63% (95% CI, 52%-74%; I 2 , 82.5%) and 66% (95% CI, 49%-82%; I 2 , 0%), respectively. Meta-regression analysis did not reveal a statistically significant influence of the upper time limit for the administration of thrombolysis in each study on the proportion of subjects experiencing recanalization (slope ϭ Ϫ0.001, P ϭ .2).
The 3% difference in recanalization of MCA occlusions which was noted in NCS compared to CS has a 95% confidence interval of between 16% reduction, and 10% increase in recanalisation in NCS compared to CS. We calculate that an RCT to detect a 3% or 16% reduction in recanalization would require a total of 10,000 or 240 subjects respectively, assuming a power of 80% and a significance level of 0.05.
Discussion
Although head-to-head studies are still unavailable, it is believed by many that the benefits of multimodal over plain CT-including improved sensitivity for diagnostic confirmation, prediction of viable tissue, and identification of occlusion site-may confer advantages in patient selection for thrombolytic treatment. 12, 13 However, because CT angiography and perfusion studies involve moderately large quantities of ICM, experimental data on ICM impairing fibrinolysis are of concern. More recent studies have also raised the possibility of contrast toxicity predisposing to intracranial hemorrhage. 14 This study was conducted to ascertain whether there was any evidence that such concerns are vindicated on the basis of current clinical evidence. We found no evidence that ICM in patients with acute ischemic stroke undergoing thrombolysis were associated with an unreasonably low rate, or reduced probability, of recanalization. More specifically, the rates of recanalization in cohorts used in studies that administered ICM were comparable with those in which ICM were not administered. This study, however, does not necessarily contradict previous in vitro and in vivo studies that suggest impaired fibrinolysis by ICM. For example, the delay to optimal perfusion of approximately 45 minutes, which was noted in a coronary artery canine study, 3 would not necessarily be detected by our analysis.
Our study would also have been unlikely to detect the small yet significant impairment of recanalization by ioxaglate, a low-osmolar ionic contrast agent, compared with iodixamol, a nonionic hyposmolar contrast agent (85.9% versus 92.2%), demonstrated after acute coronary syndrome in human subjects. 5 In addition, our understanding of the nature of recanalization following coronary artery occlusion cannot be easily extrapolated to that following cerebral artery occlusion; while recanalization after acute coronary syndrome is predominantly due to in situ plaque rupture and formation of plateletrich thrombus, 15 the varied nature of clot formation in stroke may lead to a differential pattern of recanalization of cerebral arteries that is dependent on stroke subtype. 16 This study reports an indirect comparison of heterogeneous studies, and the findings should be regarded cautiously. Nevertheless, it seems probable that a study to address the question directly would be prohibitively large. Analysis of the unselected group included subjects with a number of different occlusion sites. Given that recanalization rates differ dramatically according to occlusion site, 17, 18 particularly between occlusions of the carotid-T and the M2 segment of the MCA, a subgroup analysis restricted to subjects with MCA occlusions was performed. Here the weighted pooled proportions of subjects recanalizing were almost identical between groups.
Both the significant heterogeneity among studies and the small number of studies that assessed subjects who received contrast media limit the interpretation of this meta-analysis. The statistical heterogeneity may be explained by the methodologic heterogeneity, with differences seen between studies with respect to the following variables: time to administration of thrombolytic therapy, preparation and regimen of administration of thrombolytic therapy, and criteria and tools to determine recanalization. In addition, unlike the in vitro and in vivo studies in which the contrast agent was unchanged throughout the study, the agent varied among the studies included in this analysis; different agents vary in their osmolality and ionic nature and exert different effects on fibrinolysis, 2,3,5 19, 20 A further limitation is the restriction of the search strategy to include only English language studies, a decision based on the high cost involved with the translation of non-English language articles. Although there was no quality threshold for inclusion of studies in this analysis, it is unlikely that this in itself introduced bias; all studies were of reasonable quality and the data extracted from the studies were in raw format. In addition, as to the influence on clinical outcome, it is not only whether recanalization occurs but also the speed 21, 22 and degree of recanalization, 22 which were not assessed here. Indeed, most of the available data related to recanalization at or beyond 24 hours, whereas we know that thrombolytic therapy has the most substantial effect on recanalization in the first few hours. 23 Therefore, assessment of recanalization at late time points will be confounded by the effects of both spontaneous recanalization and reocclusion, thus limiting the ability to detect differences between groups.
Conclusions
This study has failed to demonstrate lower recanalization rates in those subjects in whom contrast agents were administered. Therefore, on the basis of the current literature, we cannot recommend withholding contrast agents in scenarios in which the treating physician deems it to be clinically useful. The question can only be answered more definitively with an RCT, which would require the recruitment of a large number of subjects. Although we calculated that as few as 240 subjects would be required, both wide confidence intervals and the need for a noninferiority design mean that the numbers required in practice are likely to be much larger.
